The dathrin light chains fall into two major dasses, LCA and LCB. In an intact lathrin triskelion, one light chain, ofeither class, is bound to the proximal segment of (5) and light chains of about 32 to 38 kD by SDS-polyacrylamide gel electrophresis (PAGE) (2-4). The unit that assembles into coats has three extended legs, 500 A in length, splayed out in a pinwheellike structure (triskelion). Each of the legs is built from a single heavy chain (3, 4), with a light chain bound to its proximal segment (6-8). The light chains are thought to be important for vesicle uncoating (9), and the multiplicity of light chain species suggests possible other roles in the cycle of coated vesicle assembly and disassembly. Two major classes ofclathrin light chains, referred to as LCA and LCB, have been identified (3, 4, 10) . Moreover, the existence of several types within each class has been suggested by the detection of LCA and LCB chains of at least two different sizes, whose relative amounts depend on the tissue examined (10). Light chains (LCA or LCB) from tissues other than brain are smaller than their brain counterparts by 2000 to 3000 daltons (10). Brain
and LCB shows that the two light chain classes are closely related. There appear to be several members of each dass having deletions of varying length aligned at the same position. A set of ten heptad elements, characteristic of a-helical coiled coils, is a striking feature of the central part of each derived amino acid sequence. These observations suggest a model in which the a-helical segment mediates binding to clathrin heavy chains and the amino-and carboxyl-terminal segments mediate interactions with other proteins. They also suggest an explanation for the observed tissuedependent size variation for members of each class.
R ECEPTOR-MEDIATED ENDOCYTOSIS
occurs by entrapment of specific macromolecules in coated pits and coated vesicles (1) . Clathrin is the main structural component of the lattice covering the cytoplasmic face of these structures (2) (3) (4) . Assembly of clathrin results in formation of the coat, and this process may be the driving force that leads to vesiculation. Clathrin is a large, soluble protein composed of heavy chains with a molecular size of --192 kD, deduced from the sequence ofthe rat complementary DNA (cDNA) heavy chain clones (5) and light chains of about 32 to 38 kD by SDS-polyacrylamide gel electrophresis (PAGE) (2) (3) (4) . The unit that assembles into coats has three extended legs, 500 A in length, splayed out in a pinwheellike structure (triskelion). Each of the legs is built from a single heavy chain (3, 4) , with a light chain bound to its proximal segment (6) (7) (8) . The light chains are thought to be important for vesicle uncoating (9) , and the multiplicity of light chain species suggests possible other roles in the cycle of coated vesicle assembly and disassembly. Two major classes ofclathrin light chains, referred to as LCA and LCB, have been identified (3, 4, 10) . Moreover, the existence of several types within each class has been suggested by the detection of LCA and LCB chains of at least two different sizes, whose relative amounts depend on the tissue examined (10) . Light chains (LCA or LCB) from tissues other than brain are smaller than their brain counterparts by 2000 to 3000 daltons (10) (11) . Purified LCA and LCB wil compete with each other for the same binding site on the heavy chain (12) . The peptide maps of LCA and LCB are different (11) (12) (13) , however, and monoclonal antibodies to each of the light chains can distinguish chains of each class (6, 14) . Taken together, these observations suggest that LCA and LCB are related proteins that are encoded by different genes.
We have analyzed rat brain and liver cDNA clones for LCA and LCB. We find that light chains ofthe two classes are indeed closely related. We also find evidence for several members of each class, related by deletions of varying length aligned at the same position. A significant common feature of the LCA and LCB amino acid sequences is a set of ten heptad elements, characteristic of ot-helical coiled coils. We suggest that these helical segments bind to heavy chains and that the remaining parts of the light chains are sites for interaction with other proteins.
The major species of bovine brain clathrin light chains LCA (-36 kD) and LCB (-33 kD) were isolated by preparative SDS (12 percent)-PAGE from a crude mixture of soluble light chains obtained from a boiled solution of clathrin trimers (11, 15, 16) . The electroeluted light chains were succinylated and digested with trypsin, and several tryptic fragments were purified by reversedphase high-pressure liquid chromatography (17) . Three peptides from LCA and two peptides from LCB were selected for determination of amino-terminal amino acid sequences by automated Edman degradation. From this information, five oligonucleotide probes were prepared by chemical synthesis-three for LCA and two for LCB (Fig.  1 ). These probes were -32P-labeled with T4 kinase and used to identify hybridizing recombinants in a XgtlO cDNA library derived from rat brain cytoplasmic polyadenylated [poly(A)+] RNA (18, 19) . Seven independent clones hybridized to LCA probes and six to LCB probes.
DNA sequence analysis of this first set of clones ( Fig. 2) showed that the isolated cDNA's indeed encode LCA and LCB. We (28) and prepared by solid-phase chemical synthesis (29) .
found very high homology between the sequences of the bovine tryptic peptides and the predicted rat sequences (Fig. 3) (21) .
The translational stop codons ofLCA and LCB can be aligned at homologous positions. The LGA dones have a 3' untranslated region of -270 nudeotides. A putative poly(A) addition signal (AATAAA) is located at a distance of 14 nucleotides from the poly(A) tail. The LCB dones have a 3' untranslated region of similar length and a poly(A) tail, although they lack an apparent poly(A) addition signal. This could be due to either to an anomalous polyadenlyation site or to intemal priming during the cDNA synthesis.
A computer search (22) and LCB2, the deletion occurs beyond the last heptad. In LCA3 and LCB3, the ninth heptad ofthe "parent" sequence is interrupted between positions f and g, but the consensus characteristics of the final two heptads are conserved by the sequences fused to it. That is, the join in LCA3 and LCB3 is 700 such that the acceptor end provides the last 
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shown by arrowheads. In particular, LCA2 is related to LCAI by deletion of nucleotides 657 
and clones for LCB3 in cDNA libraries from both brain and liver. A schematic map of the clones that were sequenced is given in Fig. 2 10 ' has significant sequence homology to the deleted one. This new heptad is a sequence also present in LCA1, LCA2, and LCB2; but it is separated from the repeat region by a nonperiodic segment that includes a proline. We believe that the remarkable conservation of structure is strong evidence both for the significance of the splicing alternatives and for the importance of the a-helical region itself. Heptad repeats are signatures of parallel chain a-helical coiled coils. Since there is a single light chain bound to each leg of the triskelion, we propose that the other member of the coiled coil is a segment of the heavy chain. There is indeed a region of the heavy chain sequence, appropriately positioned, that is a candidate for such a structure (5) . A series of ten heptads will have a length of 105 A, on the basis of a residue rise of 1.5 A. The interaction of light and heavy chain therefore appears to extend along much ofthe proximal segment ofa leg (length -160 A) (3, 4) . The proposed arrangement (Fig. 6) is consistent with several observations. For example, electron micrographs of clathrin trimers with bound polyclonal antibodies to light chains show antibody decoration along the entire proximal segment (8) ; hydrodynamic (6) and electron microscopic (8) measurements on purified light chains suggest a highly extended molecule. Circular dichroism measurements indicate about 30 percent a-helix in free light chains (8, 12) , with a noncooperative melting transition in guanidinium hydrochloride (8) . These observations are consistent with the presence of an extended ahelix rather than a compactly folded, globular structure. Most of the light chain lysines are in the heptad sequences, and Ungewickell has observed their efficient labeling with Bolton-Hunter reagent only when light chains are dissociated from the intact clathrin trimers (8) .
The heptad region lies in the middle of the light chain sequence, dividing it into three domains. We do not yet have evidence bearing on the function of the outer two, but we suggest that they may be involved in interactions with proteins other than clathrin-for example, the uncoating adenosine triphosphatase (9 NHf heptad 9 to the remaining part ofa "new" heptad 9' and a complete "new" heptad 10'. The pattern ofrepeated heptads is characteristic ofstructures bearing a-helical coiled coils (26) . A single light chain is bound to the proximal segment of each leg of the clathrin triskelion (6) (7) (8) , and we propose that a coiled coil structure mediates this interaction. The overall polarity of the heavy chain is shown (16) de fatigue-resistant and then used this muscle to construct skeletal musde pumping chambers. When these chambers were connected to the animal's own circulation for short periods, they maintained for several hours flows that were equivalent to 20% of the canine cardiac output (4) . In another study, pumping chambers constructed from electrically preconditioned muscle were tested with a mock circulation device for several days (5) . In the present experiments we assessed the skeletal muscle pumping chambers for several weeks without subjecting the muscles to any preconditioning electrical stimulation; instead the muscles were al- mmHg and after 1 month of continuous pumping of 107 ± 7 mmHg, were comparable to normal physiologic pressures in the adult beagles (114 ± 21 mmHg). After 2 weeks of continuous pumping, the mean stroke work of the SMVs was 0.4 x 106 ergs, a performance that compares favorably with the animal's cardiac ventricles. This study shows that canine skeletal muscle which has not received prior taining or electrical conditioning can perform sained work at the high levels needed for an auxiliary cardiovascular pump. It might be possible eventually to use such muscle pumps in humans to assist the failing circulation and to provide support in children with certain types of congenital heart defects.
